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SEDIMENTATION AND WATER QUALITY IN TOE WEST BRANCH

SHADE RIVER BASIN, OHIO, 1984 WATER YEAR 

By C. J. Oblinger Childress and Rick L. Jones

ABSTRACT

Sedimentation in and flooding of the West Branch Shade River 
and its tributaries have been major concerns of residents and 
State and local officials. The area was extensively surface mined 
for coal between the mid-1940's and the early 1960's. Reclamation 
efforts immediately after mining were unsuccessful. The results 
have been elevated sediment loads and the subsequent loss of 
channel conveyance.

Two sediment and stream-gaging stations were established on 
West Branch Shade River in the area of past mining to provide data 
to evaluate the effectiveness of current reclamation activities on 
reducing sediment loads. A third station was established on the 
East Branch Shade River in an unmined area as a control.

From October 1983 through September 1984, the annual 
suspended-sediment yield per acre-foot of runoff was approximately 
two times as high for West Branch Shade River (0.51 ton per acre- 
foot of runoff) as for East Branch Shade River (0.28 ton per acre- 
foot). In addition, water quality of West Branch indicates that 
acidity is higher, pH is lower, and concentrations of dissolved 
sulfate and metals are higher than for East Branch.

The concentration of coal in bed material increased in the 
downstream direction along West Branch Shade River. The concen 
tration downstream in the West Branch was more than 20 times 
greater than in the East Branch.

INTRODUCTION

Residents of the West Branch Shade River basin and local and 
State officials are concerned about sedimentation and flooding 
along the West Branch Shade River and its tributaries. The flood 
ing may be due, in part, to loss of channel conveyance resulting 
from deposition of sediment from abandoned surface mines. Head 
waters near the abandoned surface mines are most affected.

The area was surface mined for coal from the mid-1940's to 
the early 1960's. Although Ohio law required surface-mine recla 
mation, techniques used at that time often were not effective. As 
a result, much of the headwater area of West Branch basin is 
marked by disturbed land, highwalls, and spoil piles that are de 
void of vegetation. Reclamation was begun again in 1978 by var 
ious government agencies. The expected result is a reduction in 
sediment loading and possibly some improvement in water quality.



In addition to excessive sedimentation, degraded water qual 
ity in the West Branch Shade River and some of its tributaries is 
of concern (Ohio Board of Unreclaimed Strip Mine Lands, 1974).

Purpose and Scope

This report presents data collected during the second water 
year (October 1, 1983 to September 30, 1984) of a 4-year study. 
The purpose of the study is to measure the effects of abandoned- 
mine lands and their reclamation on sediment loading, channel 
cross-section configuration, and water quality of streams in the 
West Branch Shade River basin.

Sediment, streamflow, and water-quality data are presented 
for three gaging stations located on West and East Branches of 
the Shade River (fig. 1). Also presented are 10 stream-channel 
cross sections and data from 11 coal-separation sites on the West 
Branch Shade River, its tributaries, and the East Branch Shade 
River.

Description of the Study Area

A physical description of the study area, a brief history of 
surface coal mining in the area, and data from the first year of 
study were presented in a report by Childress and Jones (1985).

Approximately 450 acres of abandoned surface mines had been 
reclaimed in the West Branch Shade River basin by the end of 1984. 
The Ohio Department of Natural Resources, Division of Reclamation, 
funded reclamation of 100 acres in 1978, and 235 acres in the 
summer of 1984 (M. Parley, Ohio Department of Natural Resources, 
oral commun., 1984). The U.S. Department of Agriculture, Soil 
Conservation Service, funded reclamation of about 88 acres in 
1982 and 30 acres in 1983 (Dean Hire, U.S. Soil Conservation 
Service, oral commun., 1984) (fig. 2). As reclamation proceeds, 
abandoned mines are revegetated and slopes are reduced.

METHODS OF STUDY

Three continuous-record stream-gaging stations were con 
structed. Two are on the West Branch Shade River, near 
Harrisonville (03159532) and near Burlingham (03159534); the 
third (03159555), a control site, is on East Branch Shade River 
near Tuppers Plains (fig. 1). Drainage areas are 0.99, 22.2, 
and 37.5 square miles, respectively. Data collection began in 
May 1983 at East Branch and in June 1983 at both West Branch 
stations.
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The West Branch station near Burlingham and the East Branch 
station are equipped with manometers to measure stage. Stage is 
recorded hourly during base flow and every 15 minutes during high 
flow. Stage also is recorded continuously on a strip chart. 
Both stations are equipped with wire-weight gages for an indepen 
dent measure of stage and a verificaiton of recorded stage. At 
each station, a U.S. Geological Survey PS-69 automatic sediment 
sampler collects suspended-sediment samples when the stage rises 
above a pre-set threshold.

The West Branch station near Harrisonville is equipped with 
a digital recorder to record stage at 5-minute intervals. Stage 
is measured with a float and stilling well. A Manning 1 automatic 
sampler is used to collect suspended-sediment samples. A float 
switch set 0.5 foot above the base-flow stage triggers the sam 
pler, and samples are collected at half-hour intervals.

Because the automatic suspended-sediment samplers collect 
from a fixed point in the cross section, automatic sample concen 
trations were checked periodically against a manually collected 
depth-integrated sample. From the relation between the point 
sample and the depth-integrated sample, a correction coefficient 
was calculated and applied to all point-sample concentrations. 
The correction coefficient was 0.84 for West Branch at 
Burlingham, and was 1.0 for East Branch.

Suspended-sediment samples were collected daily at the East 
Branch station by a local observer, except when discharge was near 
zero and during periods of ice cover. The equal-transit-rate 
method (U.S. Geological Survey, 1977) was used. Samples were not 
collected daily at either West Branch stations because stage was 
nearly always too low in summer (less than 0.3 foot) or because 
of ice cover in winter.

Bedload samples were collected at West Branch near Burlingham 
to directly measure bedload movement. They were collected with a 
Helley-Smith sampler (Emmett, 1980). The sampler is placed on 
the streambed, where material moving along the bed passes through 
the 3-inch-square opening and is trapped in a mesh bag.

Sediment samples were analyzed at the U.S. Geological Survey 
office in Columbus, Ohio. The concentration of suspended-sediment 
samples and the weight and particlersize distribution of bedload 
samples were determined by methods described by Guy (1969).

Use of trade names in this report is for identification purposes 
only and does not constitute endorsement by the U.S. Geological 
Survey.



Stream cross sections were surveyed at nine locations in 
the West Branch basin and one location in the East Branch basin 
(fig. 1). These'data are used to document changes in channel 
configuration due to deposition and (or) scour. The cross sec 
tions were first surveyed in July 1983, and were surveyed quar 
terly until September 1984. Thereafter, each will be surveyed 
twice a year.

A water-quality sample was collected at each of the three 
gaging stations and at two additional locations in the West 
Branch basin (fig. 1) in January or February, May, and J.une 1984. 
Samples were analyzed for concentrations of total and dissolved 
aluminum, iron, and manganese, and dissolved sulfate. Discharge, 
pH, alkalinity, and acidity were measured in the field. Alka 
linity was measured by titrating to pH 4.5 (Skougstad and others, 
1979). Samples for measurement of acidity were pretreated with 
hydrogen peroxide, heated, then titrated to pH 8.3 (American 
Public Health Association, 1975).

Samples for separation of coal from bed material were col 
lected at 11 locations in June 1984 (fig. 1). Subsamples were 
collected from the bed at about 10 equidistant sites in a cross 
section at each location. Subsamples were composited for 
analysis.

Water-quality and coal-separation samples were analyzed at 
the U.S. Geological Survey laboratory in Doraville, Georgia.

SUSPENDED-SEDIMENT LOAD AND SEDIMENTATION

Total annual suspended-sediment load for the 1984 water year 
was 8,422 tons for the West Branch station near Burlingham and 
7,712 tons for the East Branch (tables 1 and 2, at back of report) 
The daily suspended-sediment discharge for the 1984 water year is 
shown in table 1 for West Branch and in table 2 for East Branch.

Total water discharge for the same period was 8,337 cubic 
feet per second-day (ft3/s-d) for West Branch and 13,958 ft3/s-d 
for East Branch. From those two figures, the annual sediment 
yield was calculated to be 0.51 and 0.28 ton per acre-foot of 
runoff for the West and East Branches, respectively.

Results of bedload analyses are shown in table 3 (at back of 
report). Bedload was calculated as an instantaneous load in tons 
per day and as percent of the total instantaneous sediment load.

Each cross-section (fig. 1) was surveyed four times in the 
1984 water year. Figures 3 through 5 compare cross sections 
surveyed in 1984 with the same cross section in July 1983 (except 
East Branch Shade River; the first cross-section survey there was 
in February 1984) .
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The discharge rating at the West Branch gage near 
Harrisonville is complex because of the unstable channel and 
the small drainage area. A small drainage area results in rapid 
stage changes that make discharge measurement and suspended- 
sediment sample collection difficult. As a result, daily record 
of discharge and suspended-sediment concentration are not pre 
sented.

CHEMICAL QUALITY

Chemical analyses of water samples collected from five sites 
(fig. 1) are shown in table 4 (at back of report). Two of these 
sites drain unmined areas (East Branch and unnamed tributary to 
West Branch). Water quality for West Branch Shade River sites 
(mined) near Harrisonville, Snowyille, and Burlingham indicates 
significantly higher sulfate, acidity, and dissolved metals con 
centrations than at the control sites (unmined).

COAL SEPARATION FROM BED MATERIAL

Results of the separation of coal from bed material are 
shown in table 5. The concentration of coal increased along the 
main stem of the West Branch in the downstream direction. Tributary 
concentrations ranged from 1.1 to 6.0 grams per kilogram (g/kg). 
Concentrations were low at East Branch Shade River (0.5 g/kg) and 
for the headwaters of the West Branch Shade River (0.2 g/kg) com 
pared with 11 g/kg for the downstream station on the West Branch.

SUMMARY

From October 1983 through September 1984, the annual 
suspended-sediment yield per acre-foot of runoff was approximate 
ly two times as high for the West Branch Shade River as the East 
Branch Shade River. Water-quality data indicate that acidity, 
dissolved sulfate, and dissolved metals are higher and pH is lower 
in the mined basin than in nearby unmined basins. An analysis of 
bed material shows that the concentration of coal in bed material 
increases downstream in the West Branch basin. Furthermore, the 
concentration downstream in the West Branch is more than 20 times 
higher than for the East Branch.

10
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Table 5. Coal-separation analyses

[g/kg, grams of coal per kilogram of sediment. Asterisks indi 
cate streams draining unmined basins. Boxed-in numbers are 

concentrations at main-stem sites]

Station name
Latitude- 
longitude

Concen 
tration 
(g/kg)

West Branch Shade River basin

1.7 

2.9

West Branch Shade River near
Harrisonville (03159532)    - 391040-820814

Unnamed tributary to West Branch
Shade River near Harrisonville 390940-820705

Goose Creek                 391116-820758

West Branch Shade River near
Burlingham (Snowville)       391009-820536

Unnamed tributary to West* Branch
Shade River near Burlingham   391103-820456

West Branch Shade River near
Burlingham (03159534)        391014-820304

West Branch Shade river        390852-820036

Kingsbury Creek near
Harrisonville              390752-820448

Unnamed tributary to Kingsbury
Creek near Harrisonville     390832-820451

Kingsbury Creek near Burlingham- 390742-820259

East Branch Shade River basin

East Branch Shade River near
Tuppers Plains (03159555)    390829-815239

1.1* 

I j. -jj

[11751

6.0

1.2 

2.7
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